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Abstract 
A system was designed on flexible substrates to measure two of the most important physiological parameters in human life: 
breathing rhythm and ECG. A promising feature is the adoption of accelerometers to quantify the breathing cycle. The realised 
designs were placed on a T-shirt and tested on adults, keeping in mind the parameter variability when used with infants. Data is 
sent to a computer wirelessly for analysis. Future work includes the integration of the system with an earlier developed wireless 
battery charger, to ultimately create a textile integrated, fully silicone embedded, infant monitoring system for all vital functions. 
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1. Introduction 
Following the trend of ambient intelligence, numerous developments illustrate the growing interest in textile 
integrated electronics1-4. The focus of this research is to create a ubiquitous monitoring system for biomedical 
parameters. First tested on adults, the end goal is to integrate the electronics in a baby suit, monitoring newborns in a 
more comfortable way in the hospital or even at home.  
Breathing, ECG, oxygen saturation, blood pressure and temperature form the vital parameters monitored in 
hospitals for babies with elevated risk of life threatening conditions. Of these, the first two form the most important 
physiological parameters since together they monitor the system that delivers the oxygen throughout the body.  
While implementing these two signals, the design was kept modular, enabling the integration of the remaining 
signals in a later stage. Signal acquisition of breathing rhythm and ECG are shown in the system’s block diagram 
depicted in Figure 1. In the first test setup, the master island is a simplified version of the wireless recharging 
system5 developed earlier. 
2. Breathing Rhythm Monitoring (BRM) 
The breathing rhythm is monitored through two bi-axial accelerometers located on islands 1 and 2 (Figure 1), 
following a technique refined from early “BRM through accelerometer” adopters6-7. In this way, increased 
robustness against motion and posture changes is achieved. The two accelerometers are placed symmetrically on the 
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side of the abdomen (or chest). Breathing will then cause the accelerometers to sense a combination of angular and 
radial displacement. Angular displacement is monitored through the projection of the axes to the gravity vector. 
Measuring angular variation instead of the radial variation is preferred because this signal shows greater variation in 
amplitude and contains less noise. Especially with low tidal volumes, the signal from breathing in the radial 
displacement will disappear in artefact variations such as: posture change, movement, muscular activity and general 
noise. The signal in angular variation is expected to change only slightly since it focuses more on a geometry change 
rather than a movement. Angular and radial measurements of an accelerometer (ADXL330) from a first test are 
shown in Figure 2, respectively on the left and right. From the left graph, the breathing rhythm can clearly be 
extracted. Through addition and subtraction of the signals from the two accelerometers, information about both 
posture and breathing rhythm, can be retrieved. For its final implementation, ADIS16003 accelerometers from 
Analog Devices were selected for their excellent accuracy (1 mg at 60 Hz), low power consumption (<2 mA) and 
highly integrated package including a digital SPI interface, eliminating the need for further external components. 
 
Fig. 1. Block diagram of the designed system. The two subsystems are shown (blue): ECG and breathing monitoring. The master island will be 
extended to the system described in Carta et al.5 in future work (purple). Other sensor islands can be added as well. Circuitry within the dashed 
lines will be textile integrated through silicone embedment. 
 
Fig. 2. Breathing rhythm plotted real-time in Matlab. The left graph shows the angular variation due to breathing of an accelerometer (ADXL330) 
placed on the abdomen of an adult. On the right, the radial variation of the same accelerometer is shown. Due to the small oscillations 
superimposed on the signal (combination of: displacement of the sensor, muscular activity, random noise …) breathing rhythm cannot be 
extracted from the radial variation, whereas it can from the angular variation. 
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3. ECG Monitoring 
The ECG measurements take place on island 3 (Figure 1). The subsystem is an adaptation of Coosemans et al8. 
Three dry textile electrodes from BekinTex are used in Lead II-configuration (Einthoven’s triangle) to achieve a 
maximal expression of the QRS complex. A three-stage, single supply biopotential amplifier9 is used to fully exploit 
the strengths of a Driven Right Leg (DRL) instrumentation amplifier. A 12bit A/D-converter (MCP3202) digitises 
the amplified output and communicates it to the master island through SPI, which is included in the module. The 
result is further processed in Matlab on a computer, and shown in Figure 3. 
 
 
Fig. 3. ECG recording from the 3 electrode DRL Lead II-configuration (Einthoven’s triangle). The signal is shown after amplification and 
digitisation. A 65Hz sampling frequency was used. 
4. Prototype Implementation with Simplified Master Island 
For the prototype implementation, the master island only contains a battery, microcontroller unit (MCU) and 
wireless NRF24L01 module. The battery is an ultra thin (500 µm) Li-Ion cell from PowerStream (PGEB0053559), 
making it more or less bendable which benefits the textile integration. The two subsystems are placed onto a 
T-Shirt of which the first test version is shown in Figure 4. The master island, ECG circuitry and its electrodes, an 
accelerometer on flex and a battery are shown. Simple wires are used for interconnections in this prototype. In a 
final implementation, stretchable connections will be investigated. In this prototype, circuitry islands are sewed onto 
the textile, whereas snap-fasteners are used for the textile electrodes. 
The PIC16F687 microcontroller on the master island is programmed to: 
• retrieve the raw data from the sensor islands, 
• compose the data into data packets, 
• send the packets to a computer (i.e. using an NRF24L01 module)  
The computer interfaces with the wireless receiver through RS232 communication and processes the data packets 
in Matlab. This processing involves data extraction, basic filtering of the signals, detection algorithms for heart and 
breathing rate, and visualisation on screen. Figures 2-3 show preliminary test results. More advanced processing will 
be developed in future work. 
5. Conclusions and Future Work 
A system is described and tested, monitoring ECG and breathing rhythm. First tested on adults, the designs were 
made bearing in mind the parameter variations for infants. A promising feature herein is the adaptation of 
accelerometers to quantify the breathing rhythm. Textile integration for the prototype was achieved through sewing, 
whereas for its final implementation, silicone embedding onto textile will be used. 
In future work, the simplified data logger will be replaced by an inductive battery charger, extra islands will be 
added (oxygen saturation, temperature and blood pressure). The complete system will be integrated in a baby suit to 
create a completely textile embedded wireless monitoring system for infants, that is rechargeable overnight.  
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 Fig. 4: Test setup showing the different islands as described in Fig. 1. In this setup, simple wires are used as connections and islands are sewed 
onto the T-Shirt. In later stages, silicone embedment and elastic wires will be used creating a fully encapsulated monitoring suit. 
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